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In 1987, two laboratories involved in antisense RNA 
experiments made intriguing observations about the 
fate of double-stranded RNA (dsRNA) injected into 
early Xenopus laevis embryos (Rebagliati & Melton, 1987; 
Bass & Weintraub, 1987). For example, it was noticed 
that dsRNA, after incubation in an embryo, had an 
altered mobility on a native gel (Bass & Weintraub, 
1987), and was more sensitive to digestion by single-
strand specific ribonucleases (Rebagliati & Melton, 
1987). Based on their observations, these laboratories 
postulated that the dsRNA had been acted on by an 
unwinding activity. Soon after, similar observations were 
made in mammalian cells (Wagner & Nishikura, 1988), 
and in this case, the activity was called an unwindase. 
Subsequent work led to the discovery that the un-
winding activity catalyzed the covalent modification 
of adenosi.ne, to produce inosine (Bass & Weintraub, 
1988; Wagner et al., 1989). lt became clear that the 
activity did not actually separate the two strands of a 
dsRNA molecule. Rather, the RNA became more single-
stranded in character because stable AU base pairs 
were changed to the considerably less stable IU base 
pair. To describe more accurately its catalytic activity, 
the activity was renamed the unwinding/modifying 
activity. 
In further studies, the mechanism of the activity was 
shown to involve an adenosine deami..."lation (Polsan 
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et al., 1991), and the enzyme was purified from frogs 
(Hough & Bass, 1994) and mammalian tissues (Kim 
et al., 1994a; O'Connell & Keller, 1994). Depending on 
the laboratory working on the enzyme, it was then 
called dsRAD (dsRNA ~denosine Qeaminase) or 
DRADA (QsßNA ~denosine Qe~minase). Nomencla-
ture issues became more complicated when a second, 
distinct, dsRNA adenosine deaminase was discovered 
based on its ability to differentially modify certain sites 
in glutamate receptor B (gluR-B) pre-mRNAs (Melcher 
et al., 1996b). This enzyme was called REDl (dsßNA 
specific editase :!_). In addition, when confronted with 
cataloging of the human dsRAD gene (Weier et al., 
1995), the human genome organization (HUGO) no-
menclature committee proposed the enzyme be called 
ADAR. 
To facilitate future discussions of all of these en-
zymes, and to make the literature more accessible to 
those in other scientific disciplines, we propose that a 
new nomenclature be adopted in which all enzymes 
that deaminate adenosines withi.n RNA be named in a 
standardized manner, based on the recommendations 
of the HUGO committee. 
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In keeping with the three-letter acronym used for 
adenosi.ne deaminases that act on nucleosides (ADA), 
enzymes that catalyze the same reaction on RNA will 
be called ADARs, for adenosine deaminases that act 
on gNA. The enzymes ~an be refer~ed to generically as 
ADARs. Based on in vitro activity assays, two distinct 
types of ADARs have been characterized, and these 
will be called ADARl and ADAR2 (see Table 1). In 
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TABLE 1. New names fo r adenosine deaminascs that act on RNA. 
Old names 
ds RAD 
DRADA 
ADAR 
ADAR-a 
RED1 8 
ADARB1 
DRADA-2 
RED2 
ADARB2 
TENR 
T20H4.4 
New narne 
ADARl 
-·· 
ADJ\R2 
one 
(ADAR-like) 
None 
(ADAR-like) 
None 
(ADAR-like) 
Observed 
in 
X. laevisb 
Ra td 
Human• 
Chickenf 
Rath 
Human; 
Rati 
Mouse1 
C. elegnnsm 
-
Alternate splicc 
forms 
xADARl.la, b< 
xADARl.2a, c< 
n.d .k 
hADARla, b, c 
n.d.k 
rADAR2a, b, c, d S 
hADAR2a, b, c, dß 
n.d .k 
n.d.k 
n.d.k 
M .W. 
(kDa)' 
139< 
130 
136, 133, 131 
140 
78, 77, 76, 74 
77, 81, 78, 74 
82 
68 
55 
Deaminase 
activity 
Yes 
Yes 
Yes 
Yes 
Yes 
Ycs 
Yes 
? 
? 
---
? 
"All molecular wcights were predicted from cDNAs, cxcept that for the chicken enzyme, which was determined by 
SOS-PAGE of the endogenous protein. 
bHough and Bass (1997). 
<There appear to bc two cxprcsscd genes in Xe11opus, xADAR1.1 and xADARl.2, previously called dsRAD1 and 
dsRAD2, respectively. Only the molecular weight of the protein encoded by xADAR 1.l a has been determined. 
dO'Connell et al. (1995). 
• Kim et al. (1994b); Patterson and Samuel (1995); O'Connell et al. (1995); Liu et al. (1997). 
rHerbert et al. (1995). 
SREDl corresponds to splice fo rm ADAR2a, which has been referred to previously as hRED1-S or DRADA2a. 
hMelcher et al. (1996b); S. Rueter and R. Emeson, in prep. 
;Lai et al. (1997); O'Connell et al. (1997 ); Mittaz et al. (1997); Gerber et al. (1997 ). 
iMelcher et al. (1996a). 
kn.d., not detected or not determincd. 
1Schumacher et al. (1995). 
mu00037; R. Hough, A. Lingam, and B. Bass, in prep. 
vitro studies show that both ADARl and ADAR2 can 
promiscuously modify completely base paired dsRNA 
of artificial sequence, but they have different specific-
ities for editing sites within their putative endogenous 
substrates (Melcher et al., 1996b; Lai et al., 1997), in 
which base paired regions are sometimes interrupted 
by mismatches, bulges, and loops. For example, incu-
bation of ADARl with gluR-B RNA shows efficient 
deamination of adenosines at the + 60 intronic site and 
the R/G site, but very little deamination of the aden-
osine at the Q/R site. In contrast, ADAR2 is very ef-
ficient at deaminating both the Q/R and R/G site 
adenosines, but inefficient at modifying the +60 in-
tronic adenosine. (See Melcher et al., 1996b and Lai 
et al., 1997 for a description of the various modifica-
tion sites in gluR-B RNA.) 
As indicated in Table 1, alternative splice forms of 
ADARl and ADAR2 will be specified by a letter of the 
alphabet, in lower case, following the enzyme name. 
Whenever possible, the protein derived from the long-
est RNA will be given the letter a, that from the next 
longest, b, etc. When necessary for increased clarity, 
the organism from which the enzyme is derived will 
be indicated by a small letter preceding the word ADAR 
(e.g., rat, rADAR; Xenopus, xADAR; Caenorhabditis el-
egans, ceADAR). 
A number of cDNAs have been identified that are 
clearly related to ADARl and ADAR2, but have not 
yet been proven to have deaminase activity. We pro-
pose that these enzymes be discussed as ADAR-like, 
and retain their given name until it is clear whether 
they represent a new type of ADAR (e.g., ADAR3), or 
can be placed into an existing group. Advice in regard 
to naming future enzymes should be directed to one of 
the authors of this manuscript, who will then consult 
with all co-authors. 
Finally, we note that our proposed nomenclature sys-
tem makes no assumptions in regard to homologues 
between organisms. 
REFERENCES 
Bass BL, Weintraub H. 1987. A developmentally regulated activity 
tha t unwinds RNA dup lexes. Ce/I 48:607-613. 
Bass BL, Weintraub H. 1988. An unwinding activity that covalently 
modifies its double-stranded RNA substrate. Cell 55:1089-1098. 
Gerber A, O'Connell MA, Keller W. 1997. Two forms of human 
double-stranded RN A-specific editase 1 (hREDl) generated by 
the insertion of an Alu cassette. RNA 3:453-463. 
ADAR nornenclature 
Herbert A, Lowenhaupt K, Spitzner J, Rich A. 1995. Chicken d oublc-
stranded RNA adenosine deaminase has apparent specificity for 
Z-D A. Proc Na// Acnd Sei USA 92:7550- 7554. 
Hough RF, Bass BL. 1994. Purification o f the Xenopus /aevis double-
stranded RNA adenosine dcaminase. J Bio/ Che111 269:9933-9939. 
Hough RF, Bass ßL. 1997. Analysis of Xenopus dsRNA adenosine 
deaminase cDNAs reveals similarities to DNA methyltransfer-
ases. RNA 3:356- 370. 
Kim U, Garner TL, Sanford T, Speicher D, Murray JM, Nishikura K. 
1994a. Purification and charac te rization of doub le-stranded RNA 
adenosine deaminase from bovi ne nuclear extracts. J Bio/ C!,em 
269:13480- 13489. 
Kim U, Wang Y, Sanford T, Zeng Y, Nishikura K. 1994b. Molecular 
cloning of cDNA for d ouble-stranded RNA adenos ine deami-
nase, a candidate enzy me for nuclear RNA editing. Proc Nntl 
Acnd Sei USA 91:11457-11461. 
Lai F~ Chen CX, Carter KC, Nish ikura K. 1997. Editin g of glutamate 
receptor B s ubunit ion channcl RNAs by four alternatively spliced 
DRADA2 double-stranded R A adenosine d eaminases. Mol Ce/I 
Bio/ 17:2413- 2424. 
Liu Y, George CX, Patterson JB, Samuel CE. 1997. Functionally dis-
tinct double-stranded RN A-binding domains associated with 
alternative splice site variants of the interferon-inducible double-
stranded R A-specific adenosine d eaminase. J Bio/ Ci,e111 272:4419-
4428. 
Melcher T, Maas S, Herb A, Sprengel R, Higuchi M, Seeburg PH. 
1996a. RED2, a brain-specific m ember of the RNA-specific aden-
osine d eaminase family. J Bio/ Clte111 271:31795-31798. 
Melche r T, Maas S, Herb A, Sprengel R, Seeburg PH, Higuchi M. 
1996b. A mammalian RNA ed iting enzyme. Nature 379:460- 464. 
Mittaz L, Scott H, Rossier C, Seeburg P, Higuchi M, Antonarakis S. 
1997. Cloning of a human RNA editing deaminase (ADARBl) of 
glutama te receptors that maps to chromosome 21q22.3. Ge110111ics 
41:210-217. 
O'Connell MA, Gerber A, Keller W. 1997. Purification of hu man 
double-stranded RNA-specific editasc 1 (hRED1) involved in ed -
949 
iting of brain glutamate receptor B pre-mR A. J Bio/ Che111 272:473-
478. 
O'Connell MA, Kelle r W. 1994. Puri fication and properties of double-
s trand ed RNA-specific ad en osine d eaminasc from calf thymus. 
Proc Na// Acnd Sei USA 97:10596- 10600. 
O'Connell MA, Krause S, Higuchi M, Hs uan )J, Totty NF, Jenny A, 
Ke ller W. 1995. Cloning of cDNAs e ncod ing marnmalian double-
s tranded RNA-specific adenosi ne d eaminase. Mol Ce/I Bio/ 
15:1389- 1397. 
Patterson JB, Samuel C E. 1995. Expression and regulation by inter-
feron of a double-stranded-RNA-specific ad cnosine deaminasc 
from huma n cells: Evidence for two fo rms of the deaminase. Mol 
Ce/I Bio/ 15:5376-5388. 
Polson AG, Crain PF, Po mcrant7 SC, McCloskey JA, Bass BL. 1991. 
Thc mechanism of adenosine to inosine conversion by the double-
stranded RNA unwinding/ modifying activity: A high-perfor-
ma nce liquid ch roma togra phy-mass s pectro me try analysis. 
Biochemistry 30:11507- 11514. 
Rebagliati MR, Melton DA. 1987. Antisense RNA injections in fcr-
tilized frog cggs reveal an RNA duplex u nwinding activity. Ce/I 
48:599-605. 
Schumacher JM , Lee K, Edel ho ff S, Braun RE. 1995. Distribution of 
Tenr, a n RNA-binding p rotein, in a latticc-l ike netwo rk with in 
the s permatid nuclcus in the mousc. Biology of Reprod11ctio11 
52:1274- 1283. 
Wagner RW, Nishikura K. 1988. Cell cycle expression of RNA du-
plex unwindase acti vity in mammalian cells. Mol Ce/I Bio/ 8:770-
777. 
Wagne r RW, Smith JE, Cooperm an 85, ishikura K. 1989. A doublc-
stranded RNA unwinding activity introducesstructural a lterations 
by means of adenosine to inos ine conversions in mammalian cells 
and Xenop11s eggs. Proc Natl Acad Sei USA 86:2647-2651. 
Weier HU, George CX, Greulich KM, Samuel CE. 1995. The interferon-
inducible, double-stranded RNA-specific adenos ine de111ninase 
gene (DSRAD) maps to human chromosome l q21 .1-21.2. Ge110111-
ics 30:372-375. 
